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Abstract: This study aimed to investigate the activity of arsenic trioxide (As,O,) combined
with ascorbic acid, ifosfamide, and prednisone chemotherapy in patients with repeatedly
relapsed and refractory multiple myeloma (MM). Here, we retrospectively analyzed medi-
cal data of 30 MM patients showing progressive disease after receiving at least two previous
lines of treatment including an immunomodulatory agent (thalidomide or lenalidomide) and a
proteasome inhibitor. There were 19 men and eleven women, aged 54—73 (median 65) years, in
this study. The distribution of different isotypes included immunoglobulin G(IgG) (12 patients),
IgA (six patients), IgD (three), and light chain (nine patients). All the patients were Durie—
Salmon stage I1I and had relapsed at least three times; the median cycles of prior therapies was
15 (range 10-18). The patients were treated with As,O,, ascorbic acid, and CP (ifosfamide
1 gonday 1, day 3, day 5, and day 7; prednisone 30 mg taken orally for 2 weeks). As,O, was
administered as an intravenous infusion at a dose of 10 mg/d and ascorbic acid at a dose of
2 g/d for 14 days of each 4-week cycle. The results showed that after 2 cycles of therapy, there
were five patients that attained partial response, 15 had minimal response, five had no change,
and five had progressive disease. The overall response rate was 66.7% (20/30 cases), 50%
(10/20 cases), and 40% (2/5 cases), respectively, after 2, 4, and 6 cycles of the therapy. But
there were no patients that attained complete remission. The median time of overall survival and
progression-free survival were 48 (29-120) and 6 (2—8) months, respectively. The most common
treatment-related adverse events included neutropenia, fatigue, anemia, thrombocytopenia, and
infection that could be tolerated. The results showed that As,O, combined with ascorbic acid,
ifosfamide, and prednisone chemotherapy may be a choice treatment for repeatedly relapsed
and refractory MM patients.

Keywords: chemotherapy, response

Introduction

Over the past decade, increasing knowledge of multiple myeloma (MM) biology has
already been contributing to a more specific drug design, and we have recently learned
that in the pathogenesis of MM, as important as the malignant cells themselves is their
interaction with the microenvironment. Bortezomib and lenalidomide have returned a
remarkable treatment response in recent years, but MM patients have still inevitably
relapsed.! MM remains an incurable disease for now, with median survival rates of
4-6 years. Thus, newer treatments with good safety profiles are needed to improve the
quality of responses, prolong progression, and increase overall survival (OS).
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Arsenic trioxide (As,O,) is a promising compound
to explore in MM because of its multifaceted antitumor
activity.?* In this study, we explored the clinical activity
of As,O, combined with chemotherapy for relapsed and
refractory MM after bortezomib and lenalidomide treat-
ment. In the modern era, interest in arsenic as a chemo-
therapy was rekindled after it was identified as an active
ingredient in traditional medicines in the People’s Republic
of China.* As O, affects multiple cellular functions via dif-
ferent molecular targets. As,O, targets the mitochondria,
decreasing the mitochondrial membrane potential (A¥'m)
via multiple specific targets, including Bcl-2 and the perme-
ability transition pore complex.’ This change in potential
results in the release of cytochrome C, which activates
the caspase cascade. It also results in increased release
of reactive oxygen species (ROS) from the mitochondria.
ROS levels are increased further by As,O, inhibition of the
antioxidant enzyme GPx.® As,O, also inhibits activation of
the cell-survival factor NF-xB via inhibition of IKK, the
kinase responsible for releasing NF-kB that is sequestered
in the cytoplasm.”

A multicenter trial confirmed the role of As O, in the
management of relapsed or refractory MM using a higher
dose and shorter schedule. Nine (43%) of 21 evaluated
patients had an objective response. One patient with refrac-
tory disease had a 50% decrease in plasmacytoma size, eight
patients had stable disease, and four had progressive disease
(PD) at the first evaluation visit.® So single-agent As,O, for
MM was not satisfactory. Wang and Fang’® reported that
As O

273
growth and telomerase activity of K562 cells. The inhibiting

ginseng saponin, and beta-elemene can inhibit the

effects were enhanced when they were used in combination
with cyclophosphamide. Ifosfamide is a common drug to treat
MM, and arsenic is a routine drug for treating hematology
diseases, especially for acute promyelocytic leukemia (APL),
in the People’s Republic of China, so we attempted to treat
MM with the combination of arsenic, ifosfamide, ascorbic
acid, and prednisone.

Materials and methods

Patients

We retrospective analyzed 30 cases of patients with relapsed
and refractory MM from Beijing Chao-yang Hospital
of Capital Medical University and the Second Artillery
General Hospital from September 2007 to March 2014.
All the patients were Durie—Salmon stage III and had
relapsed at least three times; the median number of prior
chemotherapy cycles was 15 (range, 10-18) before using

As,O,. Five patients had received autologous stem cell
transplantation. There were five patients at stage II and 25
patients at stage III, according to the International Staging
System.'® The median time from diagnosis to receive the
As,O, with ascorbic acid, ifosfamide, and prednisone was
40 (35-69) months for the patients in this study. This study
was approved by the Chinese Medical Ethics Committee,
and work was undertaken in conformity with the provisions
of the Declaration of Helsinki. Consents were obtained from
the patients.

Combination therapy with As,O,,

ascorbic acid, ifosfamide, and prednisone
All the patients treated with As,O

273

(ifosfamide 1 g intravenous [IV] drip on day 1, day 3, day 5,

ascorbic acid, and CP

and day 7; prednisone 30 mg taken orally [PO] for 2 weeks).
As,0,, was administered as an IV infusion at a dose of
10 mg/d and ascorbic acid at a dose of 2 g/d for 14 days
of each 4-week cycle. The infusion was administered over
2 hours unless adverse effects occurred, in which case the

infusion was given over 4 hours.

Assessment of efficacy and safety

The cutoff date for response and survival data was October 3,
2014. Patients who received at least 2 full cycles were evaluable
for efficacy. Response to treatment was assessed by quantifica-
tion of MM parameters (serum and urine protein electrophoresis
and immunofixation, with quantification of the M-protein,
Bence—Jones proteins in urine, b2-microglobulin, and C-reac-
tive protein) at screening and at every 2 cycles during the treat-
ment period. We used the criteria of European Group for Blood
and Marrow Transplantation (EBMT) for evaluating disease
response and progression in patients with MM treated by high-
dose therapy and hemopoietic stem cell transplantation.! The
criteria of response include complete remission (CR), partial
response (PR), minimal response (MR), no change (NC), and
PD. We observed the overall response rate (ORR) (ORR =CR +
PR + MR). The criteria for relapse were any one or more of
the following: reappearance of serum or urine M-protein by
immunofixation or electrophoresis, development of 5% plasma
cells in the bone marrow, or appearance of any other sign
of progression (ie, new plasmacytoma, lytic bone lesion, or
hypercalcemia). Patients with relapsed and refractory MM
that had at least two previous lines of treatment including an
immunomodulatory agent (thalidomide or lenalidomide) and
proteasome inhibitors showing PD, as defined by the Inter-
national Myeloma Working Group (IMWG) criteria, were
included.'
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Safety was assessed during the therapy of As,O,, adminis-
tration. Laboratory studies (blood counts, electrolyte panels,
urinalysis, liver function tests, and serum tumor marker
analysis) and physical examinations (ECGs, echocardio-
grams, chest X-rays, dermatologic and neurologic consults,
and nerve conduction velocity tests) were performed during
therapy.

Safety was assessed by a numerical tabulation of adverse
events, assessed in accordance with the National Cancer
Institute (NCI) Common Toxicity Criteria, version 2, eg,
grade 1 neutropenia was defined as an absolute neutrophil
count (ANC) of 1,500-1,900 for grade 1; 1,000—14,000 for
grade 2; 500-900 for grade 3.

Statistical analysis

The Kaplan—Meier method was used to estimate the prob-
ability of progression-free survival (PFS) and OS. OS was
defined as the time from registration to death or censoring
of the patient data. PFS was defined as the time relapsed
between the beginning of treatment with As,O, and tumor
progression or death from any cause.

Results

Basic clinical characteristics of patients

From September 2007 to March 2014, 30 cases of relapsed
and refractory MM patients were involved in this study.
Patient charts were retrospectively reviewed to collect the
follow-up data. There were 19 men and eleven women
aged 54-73 (median 65) years in this study (Table 1). The
distribution of different isotypes included immunoglobulin
(Ig)G (12 patients), IgA (six patients), IgD (three patients),
and light chain (nine patients). The median number of cycles
of prior chemotherapy was 15 (10-18). All the patients had
relapsed at least three times and then received more than
two lines of chemotherapy after relapse, so all the patients
were refractory. The most common prior therapies (first-line
chemotherapy) were VAD (vincristine, doxorubicin, and
dexamethasone), TD (thalidomide and dexamethasone),
M2 (melphalan, carmustine, cyclophosphamide, vincristine,
and prednisone), and bortezomib and LD (lenalidomide
and dexamethasone). Five patients relapsed after receiv-
ing autologous stem cell transplant, and five patients had
extramedullary plasmacytomas, in this study. There were
28 patients who received therapy with bortezomib and
there were 15 patients had received lenalidomide after
relapse. The second-line chemotherapies were DECP
(cisplatin, etoposide, cyclophosphamide, and prednisone),
VAMP (vincristine, doxorubicin, and methylprednisolone),

Table | Patient characteristics (n=30)

Characteristic Number of

patients, n=30

Age, yrs 65 (54-73)
Male/female 19711
WBC count (x10°/L) 4.7 (1.0-11.6)
Platelets (x10°/L) 159 (47-362)
Hemoglobin (g/dL) 98 (62—125)
B2-MG (mg/L) 7.25 (1.75-38.15)
ESR (mm/h) 70 (30-135)
Plasma cell aspirate (%) of bone marrow 49 (32-85)
Number of previous therapies 15 (10-18)
Type of diseases

1gG/x 8

IgG/A 4

IgA/x 6

1gD/A 3

A light chain 6

K light chain 3
Durie—Salmon stage

A 28

B 2
ISS stage

I 5

11l 25
Number of previous therapies before arsenic
trioxide treatment, as first-line therapy

VAD 26 (86.7)

M2 19 (63.3)

TD 30 (100)

Bortezomib 28 (96.7)

LD 15 (50)
Autologous stem cell transplantation 5(16.7)
Number of previous therapies before arsenic
trioxide treatment as second-line therapy

DECP 25 (83.3)

VAMP 15 (50)

ABVD 6 (20)

Notes: Values are expressed as median (range or percent). VAD, vincristine,
doxorubicin, and dexamethasone; M2, melphalan, carmustine, cyclophosphamide,
vincristine, and prednisone; TD, thalidomide and dexamethasone; LD, lenalidomide
and dexamethasone; DECP, cisplatin, etoposide, cyclophosphamide, and prednisone;
VAMP, vincristine, doxorubicin, and methylprednisolone; and ABVD, vincristine,
doxorubicin, carmustine, and dexamethasone.

Abbreviations: B2-MG, b2-microglobulin; ESR, estimated sedimentation rate; Ig,
immunoglobulin; ISS, International Staging System; WBC, white blood cells; yrs, years.

and ABVD (vincristine, doxorubicin, carmustine, and
dexamethasone).

Patient disposition and efficacy

A total of 30 patients completed at least 2 cycles of As,O,
combined with ascorbic acid, ifosfamide, and prednisone
chemotherapy. After 2 cycles of therapy, there were five
patients who attained PR, 15 that had MR, five that had
NC, and five that had PD. The ten patients with NC and
PD changed to another treatment scheme. Thus, 20 patients
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Figure | The time of OS for the relapse and refractory MM patients treated with arsenic trioxide, ascorbic acid, ifosfamide, and prednisone.

Abbreviations: MM, multiple myeloma; OS, overall survival.

completed 4 cycles of As,O, combined with ascorbic acid,
ifosfamide, and prednisone chemotherapy. Of these, five
patients achieved PR, five had MR, seven had NC, and three
had PD. Only five PR patients completed 6 cycles of therapy,
while the seven NC, three PD, and five MR patients changed
to another scheme, with one patient attaining PR, one having
MR, one having NC, and two having PD (Table 2). The ORR
was 66.7% (20/30 cases), 50% (10/20 cases), and 40% (2/5
cases), respectively, after 2, 4, and 6 cycles of the therapy.
But there were no patients who attained CR. The ten patients
with PD died, all from PD.

There were 12 IgG-subtype MM patients who finished
2 cycles of chemotherapy, and three patients attained PR, five
had MR, two had NC, and two had PD. Ten IgG-subtype MM
patients finished 4 cycles of chemotherapy: two attained PR,
two had MR, four had NC, and two had PD. There were two
IgG-subtype patients that finished 6 cycles of chemotherapy:
one attained PR and one had NC. There were six [gA-subtype
MM patients that finished 2 cycles of chemotherapy: one
attained PR, two had MR, two had NC, and one had PD.
There were six [gA-subtype patients that finished 4 cycles

of chemotherapy: two attained PR, two had MR, one had
NC, and one had PD. Only one IgA-subtype patient finished
6 cycles of chemotherapy and attained MR. Three IgD-
subtype MM patients finished 2 cycles of chemotherapy: two
patients attained MR and one had PD. Only one IgD-subtype
patient finished 4 cycles of chemotherapy and attained
NC. Nine light chain MM patients finished 2 cycles of
chemotherapy: one patient attained PR, six had MR, one had
NC, and one had PD. Three light chain MM patients finished
4 cycles of chemotherapy: one attained PR, one had MR,
and one had NC. Two light chain patients finished 6 cycles
of chemotherapy and attained PD. The median time of OS
and PFS were 48 (29-120) and 6 (2—8) months, respectively
(Figures 1 and 2).

Adverse events

In all, 25 patients developed neutropenia (1-2 grade), with
16 of these patients experiencing thrombocytopenia and
21 patients developing anemia. Only five patients felt nausea,
but 22 patients reported fatigue. Eight patients developed
infections (three had pneumonia, four had acute upper

Table 2 Response of MM patients of relapsed and refractory to As,O, combined with ascorbic acid, ifosfamide, and prednisone (%)

N ORR (%) CR (%) PR (%) MR (%) NC (%) PD (%)
2 cycles 30 20 (66.7%) 0 5(16.7) 15 (50) 5(16.7) 5(16.7)
4 cycles 20 10 (50%) 0 5 (25) 5 (25) 7 (35) 3(15)
6 cycles 5 2 (40%) 0 I (20) I (20) | (20) 2 (40)

Abbreviations: AsZOB. arsenic trioxide; CR, complete remission; MM, multiple myeloma; MR, minimal response; NC, no change; ORR, overall response rate; PD, progressive

disease; PR, partial response.
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Figure 2 The time of PFS for the relapse and refractory MM patients treated with arsenic trioxide, ascorbic acid, ifosfamide, and prednisone.

Abbreviations: MM, multiple myeloma; PFS, progression-free survival.

respiratory tract infection, and one had urinary tract inflam-
mation). Seven patients had elevated transaminase during
therapy, which was controlled using tiopronin injection to
protect the liver. Arrhythmia was observed in four patients
after therapy and needed drugs for control (Table 3).

Discussion

MM is characterized by clonal proliferation of malignant
plasma cells in the bone marrow associated, in most patients,
with the production of monoclonal Igs. Despite several recent
therapeutic advances, including the bortezomib and lenali-
domide treatments for MM, MM remains incurable; almost
all patients eventually relapse and develop drug resistance.
And there are few effective salvage regimens available for
patients with disease resistant to the newer agents. Therefore,
there is a clear need for improved salvage regimens in MM.
As 0O, is the essential component of the Chinese medicine
arsenic."” The use of As O, as a medicinal agent dates back

Table 3 Treatment-related adverse events

Event Number of patients (%)
Neutropenia (grade 1-2) 25 (83.3)

Fatigue (grade 1-2) 22 (73.3)

Anemia 21 (70)
Thrombocytopenia 16 (53.3)

Infection 8 (26.7)

Liver function profiles increased 7 (23.3)

Nausea/vomiting 5(16.7)

Arrhythmia 4(13.3)

2,000 years. As,O, has demonstrated clinical activity in
patients with newly diagnosed APL, producing CR in
83%—-86% of patients and 3-year OS rates of 79%—86%.
As, O, has also recently emerged as an effective treatment
for patients with relapsed or refractory APL.'*!

As, 0, has demonstrated remarkable efficacy in APL.'"
Recently some reports have led to a renewed interest in As,O,
in the management of malignancies,”*?' especially those of
hematologic origin, such as MM.

In a Phase II trial at the University of Arkansas, the
activity of As,O, was evaluated in 14 patients with relapsed
MM refractory to conventional salvage therapy. As,O, was
administered at a dose of 0.15 mg/kg daily for 60 days.
Responses were noted in three patients: one achieved 75%
reduction in the monoclonal protein, and the other two
achieved 50% and 25%, respectively. Stable disease was
observed in eight patients.?? So the therapy response to single-
agent As,O, for MM was not satisfactory.

Then what is the chemotherapy response for the combina-
tion of As,O,? The combination of As,O, and bortezomib
(As,O, + bortezomib) has been recently shown to enhance
antimyeloma activity. Both bortezomib and As,O, were
shown to activate the p38 MAPK pathway. As,O, combina-
tion with bortezomib could enhance the activating of the p38
MAPK pathways.? One Phase I study assessed the feasibil-
ity of concomitant As,O,, ascorbic acid, and bortezomib for
patients with relapsed/refractory MM. As O, (0.25 mg/kg)
and ascorbic acid (1 g) were given with an escalating dose
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of bortezomib (1 mg/m? or 1.3 mg/m?* IV bolus on days 1
and 8 of'a 21-day cycle). The results showed that four (40%)
patients achieved clinical benefit, with one patient achiev-
ing a durable PR. No formal dose-limiting toxicities were
encountered.?* Berenson et al assessed the safety and efficacy
of MAC (melphalan, As O, and ascorbic acid) combination
therapy for MM patients who failed more than two differ-
ent prior regimens. Patients received melphalan (0.1 mg/kg
PO), As,0, (0.25 mg/kg IV), and ascorbic acid (1 g IV) on
days 1-4 of week 1, As,O, and ascorbic acid twice weekly
during weeks 2-5, and no treatment during week 6 of cycle
1; during cycles 2—6, the schedule remained the same except
As,0, and ascorbic acid were given twice weekly in week
1. Objective responses occurred in 31 of 65 (48%) patients,
including two CR, 15 PR, and 14 MR.? The above study
showed that As O, combined with other drugs could improve
the response over the single As,O,.

In this study, we retrospectively analyzed clinical data
of 30 relapsed and refractory MM patients treated by As,O,
combined with ascorbic acid, ifosfamide, and prednisone.
These patients had received bortezomib and lenalidomide
before and relapsed more than three times. There were 28/
30 patients who had received bortezomib and 15/30
patients who received lenalidomide treatment before treat-
ment by As,O,. These patients had received more than
10 chemotherapy cycles, and treatment selection was difficult
for these patients. The results showed that the ORR was 66.7%
(20/30 cases, with PR in five cases), 50% (10/20 cases, with
PR in five cases), and 40% (2/5 cases, with PR in one case),
respectively, after 2, 4, and 6 cycles of the therapy. This result
was better than the reports from the aforementioned clinical
trial of As,O, as a single agent. It was difficult to receive a
curative effect for these relapsed and refractory MM patients,
so the ORR in this study included MR. The majority of
patients attained MR when treated with As,O, combined with
ascorbic acid, ifosfamide, and prednisone in this study and
an increased PR rate with the longer the course of treatment.
This result further confirmed that As, O, is an effective agent
for relapsed patients and that response could be increased by
combination with other chemotherapy drugs.

Arsenic is well-known as a toxic agent.?® Chronic expo-
sure to low levels of environmental arsenic has been reported
to increase the incidence of skin, liver, bladder, and lung
cancers. Other commonly observed potential signs of arsenic
poisoning include cardiomyopathy, renal failure, leukocy-
tosis, gastrointestinal disorders (eg, nausea, vomiting, and
diarrhea), fatigue, fever, headache, and cough. Despite its
reputation as a poison, as a therapeutic entity, As,O, has

been generally well-tolerated. In this study, we observed that
neutropenia (83.3%), anemia (70%), and thrombocytopenia
(53.3%) occurred in more than half of the patients, who
required growth factor and blood infusion support. Fatigue
was more common in this study, which was untreated. Eight
patients developed infections (three had pneumonia, four had
acute upper respiratory tract infection, and one had urinary
tract inflammation) and required antibiotic. QT prolonga-
tion, a known side effect of As,O, therapy, was uncommon
in this study, occurring in only four patients, but required
drug intervention.

As,O, combined with ascorbic acid, ifosfamide and
prednisone could be selected as a salvage therapy to treat
relapsed and refractory MM patients before using new agents,
such as bortezomib and lenalidomide. Patients achieving
MR could attain a better response by increasing the course
of As,O,. And the regimen of As,O, combined with ascorbic
acid, ifosfamide, and prednisone was better tolerated by MM
patients. It may be a promising choice for MM patients in
early relapsed phase, to achieve a much better response.
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